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E.C.G. Interpretation
by Computer
The prospect of using a computer for the automatic analysis of
the electrocardiogram has been under discussion for several
years.' Last year the Department of Health sponsored a
meeting of experts to assess the position and the applicability
of the technique in Britain.
The need for automation is evident from the increasing

numbers ofE.C.G.s being recorded without any corresponding
increase in the numbers of skilled interpreters. As a result
standards of interpretation are becoming increasingly variable.
Computers can carry out repetitive tasks faster and more
reliably than people. As automatic E.C.G. reporting becomes
available, the use of a physician for this purpose could come
to be regarded as a misuse of professional time better reserved
for personal contact with the patient. A computer-based report-
ing system can handle large numbers and can standardize
reporting, give an accurate definition of the normal range, and
avoid observer variation.
Computers are expensive, so they must be used efficiently,

but they can improve access to diagnostic facilities for remote
centres and at night and at weekends. Programming requires
the accurate definition and quantification of the values used in
diagnosis. This allows the recognition and rejection of sub-
jective assessments which defy quantification. Though there is
generally satisfactory agreement between the diagnosis of the
computer and that of the physician, fears have been expressed
that the computer diagnosis may at times be inappropriate
or in conffict with clinical views. Presentation of results in
statistical terms, as a set of probabilities, may be difficult for
clinicians to assimilate at first. In fact, despite the conceptual
difficulties and the need for careful interpretation, presenta-
tion as a set of probabilities is a more realistic expression of the
interpretation of an E.C.G. than a bald single diagnosis, which
increases the risk of confusion from conffict with the clinical
findings.
Though clinicians have become familiar with a 12-lead

E.C.G. system, modem three-lead systems (not a return to the
old standard leads, but a system based on three orthogonal leads
(x, y, z) giving transverse, vertical, and saggital data respec-
tively) show no loss of important information and even reduce
the range of normal variation. They are also more economical
to handle automatically. Most of the three-lead systems avail-
able use unfamiliar electrode arrangements, but a relatively
simple axial lead system is feasible.2 A preliminary period of
familiarization for clinicians with x/y/z leads alongside con-
ventional 12-lead records might be needed to win their accept-
ance of such a system, but the long-term advantages would be
worthwhile. Conventional leads I, VF, and V2 are, in fact, close
to such a system.3

Suitable instrumentation for such a service is available.
It would include a three-lead channel E.C.G. machine with
facilities for recording on magnetic tape for later analysis if
necessary, or for direct transmission with patient identification
to the computer, either on direct line or by telephone ifa system
can be devised to meet G.P.O. requirements, together with
arrangements to receive results by teletype. Multiple inputs
to the data controller are needed so that the machine never
becomes engaged. Comparison with any previous record is an
essential feature, as in current conventional practice.
Though the computer diagnosis may not be as refined as

that of an experienced cardiologist it will probably be more
accurate than many routine reports and is particularly applic-

able to routine service needs, as in surgical or maternity out-
patients, or wards, or for an accident and emergency service,
or in general practice. It has been calculated that for £1,500
about 100,000 E.C.G.s could be processed each year for seven
years, giving a cost of lOp each. From the technician's point
of view there is a net saving, as though the time needed to
take the E.C.G. is longer, time spent mounting the E.C.G. is
eliminated.
The three-lead E.C.G. system and the concept of some un-

certainty in E.C.G. diagnosis are problems which the profession
should grasp and overcome. Different types of computer
could perhaps be tried until physicians have obtained some
first-hand experience in the field.
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Delirium after Surgery
Delirium is characterized by recent onset of disorientation,
inability to grasp and retain events, often with labile emotions,
visual and other hallucinations, insomnia, paranoid ideas, rest-
lessness, and fear. Sometimes a single cause can be identified,
but usually there are several acting together-old age, infec-
tion, fever and toxins, water and electrolyte disturbance,
cerebral lesions, pain, drugs such as barbiturates, or the with-
drawal of accustomed hypnotics or alcohol. Delirium is com-
monly worse at night, when the biological clock is diminishing
the power to sustain alertness, and when familiar sensory cues
are reduced. The last can be primary, as in delirium after
cataract extraction,' and may play an important role in mental
aberration among shipwreck survivors or single-handed
Atlantic yachtsmen,2 in whom exhaustion and loss of sleep also
contribute. Sleep loss alone can cause visual hallucinations and
paranoid ideas.3
Open heart surgery has been followed by delirium in some

20-30% of patients at three to four days after operation. It is
difficult for a patient in a cardiac intensive care unit to get
undisturbed sleep, and in one study of nursing procedures
interruptions of sleep averaged 47 per night for the first three
nights after operation.4 Recently Johns et al.5 monitored sleep
round-the-clock using the E.E.G. both before operation and
for several days afterwards. Total sleep in the first two days
after operation averaged little more than a quarter of normal.
A patient might lie with eyes closed, but that did not mean he
was asleep. Whereas in delirium from alcohol withdrawal, or
after recent unconsciousness from non-anaesthetic drugs,
sleep consists largely of the R.E.M. phase6 7 (the phase most
linked with dreaming), Johns et al. found this phase almost
absent in their patients. Despite the lack of sleep, however,
differences among their patients led the authors to conclude
that while loss ofsleep might have helped cause delirium it was
not the chief culprit.

In a prospective study of 100 open heart surgery patients
Tufo et al.8 found abnormal neurological signs on the first
post-operative day in 37 of 85 survivors and in 12 at discharge.
Among 60 delirious patients at the Mayo Clinic half were con-
sidered to have minor degrees of cognitive impairment per-
sisting at discharge.9 The Mayo Clinic authors emphasized
that postoperative delirium is not always a restless state, as
Tufo et al.8 suggested, but that the mental abnormalities can
be present in quiet and slowed-down patients.
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Tufo et al.8 concluded that low blood pressure during opera-
tion and prolonged time on the cardiopulmonary bypass
machine were both strongly correlated with brain damage and
delirium. Experiments with dogs have shown that the passage
ofblood through a bypass machine alters its physical properties
so that many microemboli are present, causing a fall in the
cerebral circulation and a persisting reduction in cerebral
oxygen usage.10 Microemboli must presumably be a major
cause of impairment of brain function after cardiac surgery, as
they are in the delirium of cerebral malaria.'1 Tufo et al.8
point out, however, that it is difficult thus to account for
localization of lesions found in fatal cases; there are small,
multiple brain lesions but the most common finding is anoxic
damage in the hippocampus.

Happily, the incidence of delirium after cardiac surgery is
diminishing, and this has been attributed to reduction in
bypass time and to improved provision of a calm, structured,
but less disturbing intensive care unit, allowing rest and peace
for the patient.'2 13 The delirium itself is now also being
managed better with phenothiazines-and by staff who under-
stand the special environmental and emotional needs of their
patients.'3
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Catheters and Incontinence
Control ofurinary incontinence presents a problem for medical
practitioners in most branches of practice. Thorough investiga-
tion will identify those patients whose symptoms may be
alleviated by surgery, physiotherapy, or chemotherapy, or by
a mechanical or electronic device. But there remain a substan-
tial number of patients with intractable incontinence for whom
urinary diversion is unacceptable or inappropriate but whose
symptoms are sufficiently severe to warrant such a drastic
measure. No suitable appliance has yet been designed which
adequately controls incontinence of this kind in women-
those, for instance, suffering from multiple sclerosis and elderly
bed-ridden or chair-bound patients. In this group the use of an
indwelling urethral catheter may prove to be of value.

Urethral catheters have some disadvantages. Urethritis is
almost inevitable,1 2 though the modern latex and Neoplex
catheters are far less irritant than the old rubber ones.1
Urinary infection is common, but it often started before the
catheter treatment in those patients who may have moderate
or large residual urines despite their incontinence.3 Closed
urinary drainage,4 5the maintenance of an adequate volume of
urine, bladder irrigation,6 meatal antiseptics and antibiotics,7 8
aseptic techniques, and systemic antibiotics2 all combine to
reduce the incidence and severity of urinary tract infection.
Changing the catheter every six weeks appears to prevent
encrustation with calcium phosphates. The one big drawback
which remains is that some urine may leak round the catheter,

and this cannot be prevented by inserting progressively larger
sizes of catheter. I

Urethral catheters used for the long-term control of incon-
tinence may offer several advantages. They are certainly
the only "appliance" which is at all satisfactory in women. By
preventing a patient lying in a wet bed or sitting in wet clothes
the incidence of bed-sores may be reduced, the problems of
nursing incontinent patients eased, and the patient's comfort
improved. If the correct length of catheter is attached to a leg
urinal, patients who are ambulant can be fully mobile.

Recent reports9 of the use of unsterile, intermittent self-
catheterization provide evidence that urinary infection is no
longer an obstacle to the control of incontinence by urethral
catheterization. The vogue for suprapubic cystostomy has
declined, since fewer problems are now associated with the
newer, more inert urethral catheters. No recent study of the
long-term use of indwelling urethral catheters has been pub-
lished, but the fact that urological wards are not full of patients
with the coniplications of such use is evidence that permanent
sequelae are uncommon. Until a satisfactory appliance is
developed for the control of intractable urinary incontinence
in women the use of an indwelling urethral catheter may
provide the only means of controlling a symptom which causes
much distress to patients and much hard work to people who
look after them.
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Shortage of Kidneys
Professor R. Y. Calne's announcement last week' that kidney
transplantation had ceased at Cambridge because of lack of
donor organs has drawn attention to the difficulties facing
transplant surgeons in Britain. At present almost all cadaver
kidneys come from victims of road accidents. The Department
of Health donor card scheme has not produced many organs,
and live donors are little used.2 At Cambridge the coroner
apparently takes the view that formal consent from the relatives
is needed before kidneys can be removed from someone killed
in an accident, and naturally enough the hospital staff have
been reluctant to seek a confrontation with him. By no means
all legal opinion agrees with the coroner's view, however; our
legal correspondent's interpretation3 of the Human Tissue
Act 1961-supported by cogent evidence-is that "if at the
end of the time available to the hospital the authorities have
performed their best efforts to get in touch with relatives and
have no reason to think there would be objections, then. . . they
ought to be protected under the act if they go ahead with the
removal of the organ."

This difference of opinion among lawyers is not the only
problem for transplant surgeons. There is now abundant
evidence of the benefit to patients of successful kidney trans-
plantation, but at least 3,000 kidneys are needed each year in
Britain if every patient who could be treated is to be offered
the chance. The figures from the National Organ Matching
Service in Bristol4 suggest that disappointing results of trans-
plantation may well be due to the poor quality of the kidneys

 on 24 M
ay 2023 by guest. P

rotected by copyright.
http://w

w
w

.bm
j.com

/
B

r M
ed J: first published as 10.1136/bm

j.3.5933.702-a on 21 S
eptem

ber 1974. D
ow

nloaded from
 

http://www.bmj.com/

